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i'Sfl) Abstract 



A heating and cooling system (10) that provides Inteifacing between multiple zones in the system (10) and a variable speed heating 
and/or cooling device, such as a heat pump. The heating and cooling system (10) Includes a master zone control circuit (30) that Includes a 
master themiostat (32) for controlling a master zone. The setting of the master thermostat (32) deteimines whether the heating and cooling 
system (10) will be in the heating or cooling mode. A plurality of auxiliary zone control circuits (50) include separate auxiliaiy themnostats 
(52) for controlling the auxiliary zones. Bach of the master control circuit (30) and ttie auxiliaiy control circuits (50) provide an output 
signal whether the paiticular zone is operating in the currently activated system mode of heating or cooling. An interface device (80) Is 
responsive to all of the output signals from the master control zone and the auxiliary contn^ zones so as to deteimine which of the zones 
has the highest demand for heating or cooling. The interface device (80) then provides an output signal to the headng and/or cooling device 
to establish a particular air flow rate and temperature of the system (10) to satisfy the demand for the highest load zone. 
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ZONING INTERFACE SYSTEM FOR A VARIABLE SPEED HEAT PUMP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to a control system for controlling 
and regulating air flow and temperature in a multiple zone heating and/or 
cooling system and, more particularly, to a control system for controlling and 
regulating air flow and temperature in a multiple zone heating and/or cooling 
5 system that uses a variable speed device, such as a heat pump, to distribute 
the air. 

2. Discussion of the Related Art 

Modem day residential heating and/or cooling systems 
incorporate some type of heating and/or cooling device, such as a gas furnace, 

10 heat pump, etc., that generates a hot or cold air flow and distributes it 
throughout the residential building through a series of duct work. In many of 
these systems, the heating and cooling system is separated into multiple 
zones where each zone is controlled by its own thermostat. A thermostat in 
each of the different zones regulates air flow at a desirable temperature to be 

1 5 delivered to the particular zone to satisfy user demand in the individual zones. 

Most residential heating and cooling systems incorporate single 
speed devices in which air flow is delivered to the multiple zones at a single 
air flow rate and at an essentially constant temperature. However, It is 
becoming more popular to incorporate variable speed heating and/or cooling 

20 systems that operate to deliver the air flow at varying rates and temperatures 
so as to provide the desirable space air temperature and air quality. The 
variable speed devices provide a number of advantages over single speed 
heating and/or cooling devices. For example, with variable speed devices, the 
noise associated with the cycling on and off of the system is significantly 

25 reduced because the variable speed device usually operates almost 
continually. Further, because the variable speed devices almost continually 
delivers some level of air flow, they provide much better air distribution and 
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space humidity control. One such variable speed heating and/or cooling 
system is the gas engine-driven variable speed heat pump available from York 
International, refen-ed to as the Triathlon System. 

Although variable speed devices are known In the art that deliver 
5 varying air flow rates and temperatures in a heating and/or cooling system 
these systems have not been suitably interfaced into multiple zone heating 
and/or cooling systems. What is needed is a system for interfacing a variable 
speed heating and cooling system to multiple zones. It is therefore an object 
of tiie present invention to provide such an interfacing technique. 

SUMMARY OF THE INVFMTir>M 
In accordance with the teachings of the present invention, a 
heating and cooling system is disclosed that provides interfacing between 
multiple zones in the system and a variable speed heating and/or cooling 
device, such as a heat pump. The heating and cooling system includes a 
master zone control circuit Including a master thermostat for controlling a 
master zone. The setting of the master thermostat detemiines whether the 
heating and cooling system will be In a heating or cooling mode. A plurality 
of auxiliary zone control circuits include separate auxiliary thermostats for 
controlling the auxiliary zones. Each of ttie master control circuit and the 
auxiliary control circuits provides an output signal of whether the particular 
zone is operating in ihe currently activated system mode of heating or cooling. 

An interface device is responsive to all the output signals from 
the master control zone and the auxiliary control zones. The interface device 
determines which of the zones has the highest demand, meaning which zone 
requires the most heating or cooling depending on the setting of the thermostat 
for that particular zone. The interface device will tiien provide an output signal 
to the heating and/or cooling device to establish a particular heating or cooling 
output, i.e.. air flow rate and air temperature of the system, to satisfy the 
demand for the highest load zone. Another output signal from the interface 
device turns the heating and/or cooling device off If none of the zones has a 
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demand. The system will remain off or remain on for a minimum period of 
time. If the system cannot provide a high enough speed to satisfy the highest 
load zone in the heating mode, then an output of the interface device initiates 
an auxiliary heater. 

5 Additional objects, advantages, and features of the present 

invention will become apparent from the following description and appended 
claims taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram plan view of a known gas engine- 
10 driven variable speed heat pump including an indoor unit and an outdoor unit; 

Figure 2 is a schematic block diagram of a master zone control 
circuit according to an embodiment of the present invention; 

Figure 3 is a schematic block diagram of an auxiliary zone control 
circuit according to an embodiment of the present invention; and 
15 Figure 4 is a zone interface device according to an embodiment 

of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following discusston of the preferred embodiments directed 
to a heating and cooling control system is merely exemplary in nature and is 

20 in no way intended to limit the invention or its applications or uses. 
Particularly, the heating and cooling control system described below is 
described in conjunction with a gas engine-driven variable speed heat pump. 
However, the heating and cooling control system of the invention has a much 
wider application that includes other types of heating and/or cooling systems. 

25 Figure 1 is a heating and cooling system 10, specifically a gas 

engine-driven variable speed heat pump referred to as the Triathlon variable 
speed heat pump available from York International. The heating and cooling 
system 10 includes an outdoor unit 12 and an indoor unit 14. A few of the 
major components of the outdoor unit 12 and the indoor unit 14 are shown for 
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diagrammatic purposes, with the understanding that the overall operation and 
configuration of the heating and cooling system 10 is well known to those 
skilled in the art. It is stressed, however, that the use of the variable speed 
heat pump Illustrated is by way of a non-limlting example in that other variable 
speed heating and cooling systems that may include both heating and cooling 
or one or the other of heating or cooling, may benefit from the invention as 
described below. 

The outdoor unit 12 includes a gas engine 16 that burns gas to 
provide the power necessary to provide a flow of refrigerant for heating and 
cooling purposes. An auxiliary gas heater 18 is a back-up heater that 
supplements the gas engine 16 In the event that the gas engine 16 cannot 
provide the demand of the user. An indoor blower 20 within the indoor unit 14 
blows air through an indoor refrigerant coil and ttirough a heat exchanger 22 
into a series of duct wort< (not shown) to be distributed throughout a building, 
such as a residential house, to provide the desirable heating or cooling. 
Various fluid lines 24 transfer refrigerant through and between the outdoor unit 
12 and the indoor unit 14. An engine control system 28 controls the operation 
of the system 10. and is an electrical interface between tfie outdoor unit 12 
and the zone control circuits discussed below. 

Figure 2 is a schematic block diagram of a master zone control 
circuit 30 of ttie heating and cooling system 10 of the Invention. The control 
circuit 30 includes a thermostat 32 that is set and regulated by a user to adjust 
the temperature of a master control zone to establish a comfort level in tiie 
zone suitable for the user. In the example being discussed herein, the master 
control zone can be a room of a reskJential building, such as the living area of 
a house. The master thermostat 32 can be any suitable thermostat for the 
purposes described herein, and particulariy can be the triathlon thermostat 
used in the triathlon system discussed above, when it Is applied In a single- 
zone application, the non-programmable Enerstat Model DSL-450. having 
day/night heating and cooling set points, manual day/night changeover, 
changeover by rennote contact closure, or the programmable Enerstat Model 
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SHP-1. The thermostat 32 is responsive to a power signal from a 24 volt AC 
power source, on lines 34 and 36. Actuation of the thermostat 32 causes air 
flow at a suitable air flow rate through the duct work delivering the air flow to 
the master zone. 

5 A switch 38 within the thermostat 32 may be closed by actuation 

of the thermostat 32 so as to provide a power signal on line 40 to a master 
zone iMro-position damper 42. What is meant by two-position is that the 
damper 42 is fully open when it is receiving power, and fully closed when it is 
not receiving power. If the set point, as set by the user, of the thermostat 32 

10 is oi^aide a predetermined temperature range around the currently sensed 
tempeialure in the master zonis, as sensed by the themiostat 32, the signal on 
the line 40 will cause a damper motor 44 to open the damper 42 to allow air 
to flow at a suitable temperature into the master zone. The rate of the air flow 
may >«By as will be discussed below. A Y1 output from the control circuit 30 

15 provides an indication that the switch 38 is closed and that the master zone 
is in aitenand for either heating or cooling. Note that, as described below, 
the marier thermostat . 32 determines the rnode of operation (heating or 
CQolinglfltar the entire system 10. Therefore, for the master zone controlled by 
this tharanstat, the air temperature provided by the system 10 is always the 
correct <me (hot or cold) as needed to bring the master zone space 
tempeedttve to within a narrow range, near the user determined set point. 

An X input Into the thermostat 32 is a fault indicator which causes 
a sen«e priority LED to be illuminated in the event that the heating and 
cooling system 10 detects a failure. A G output of the thermostat 32 is an 

25 indoor tUhover control that decides whether the indoor blower 20 runs 
continanBiy. or only when the system 10 is running. An O output from the 
^ermoBtit 32 gives an indication of whether the main zone needs heating or 
coolinB£B determined by the setting of the themiostat 32 relative to the 
sensfi^lmperature. The demand for heating and cooling of the master zone 

30 detenrtins the heating or cooling mode for the entire system 10. For the 
purposes of the present invention, a signal on the O output from the 
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thermostat 32 indicates cooling mode, and no signal on the O output Indicates 
heating mode. A W output from the themiostat 32 provides a signal that the 
main heating cannot meet the current master zone demand, and causes the 
system 10 to initiate the auxiliary heater 18. The X Input, and the G and O 
outputs are connected to a control unit 46 that operates as the central 
controller of the heating and cooling system 10. and could be the engine 
control system 28. The X input, the G and O outputs are known control 
signals in the Triathlon system, as well as other heating and cooling systems. 

The master zone control circuit 30 establishes whether the entire 
heating and cooling system 10 is going to be in the heating or cooling mode. 
Once that mode is determined, the remaining control zones are at the mercy 
of the selected mode. Figure 3 shows a schematic block diagram of an 
auxiliary zone control circuit 50 for an auxiliary zone. For example, the zone 
control circuit 50 may control the heating and cooling in a bedroom of the 
residential J>uilding. In the embodiments being described herein, there are up 
to five separate auxiliary zones in association with the single master zone. 

The zone control circuit 50 includes a thermostat 52 being 
powered by 24 volts AC on lines 54 and 56. The line 56 is used if the 
themiostat 52 is an electronic thermostat Typical examples of thermostats 
suitable for the auxiliary zones include the Enerstat Model DSL-300 including 
auto changeover having four temperature set points, day heating and cooling 
and night heating and cooling, remotely controlled day/night changeover, the 
Enerstat Model SK3 having 5 day programming, or the Model SHC-T having 
7 day programming. 

Depending on the temperature set point selection of the 
themiostat 52 with respect to the sensed zone temperature, the thermostat 52 
will close a cooling switch 58 or a heating switch 60. In other words, if the 
temperature set point is below the sensed temperature within the auxiliary 
zone, the thermostat 52 will close the cooling switch 68, and if the temperature 
set point is above the sensed temperature, then the thermostat 52 will close 
the heating switch 60. If the heating switch 60 Is closed, a power control 
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signal is applied on line 62 to a normally closed temiinal of a zone damper 
switch 64 within a zone damper assembly 66. The switch 64 applies power 
to a two position zone damper 68 actuated by a motor 70. The zone damper 
68 is fully open when power is applied to it or is fully closed without power. 
5 If the cooling switch 58 is closed » a power control signal is applied on line 72 
to a normally open terminal of the switch 64. 

The signal on line O from the master control circuit 30 is applied 
to a zone relay 74 within the zone damper assembly 66 on line 76. in the 
example described herein, a signal is applied on the line 76 when the system 

10 10 is in the cooling mode. If no signal is applied on line 76, the zone relay 74 
is not activated, and the switch 64 remains in its normally closed position, as 
shown, and thus is available to apply power to the zone damper 68 if the 
heating switch 60 is closed. However, if a signal is applied on line 76, the 
zone relay 74 closes the switch 66, so as to provide power to open the damper 

15 68 when the cooling switch 58 is closed. Therefore, the zone controlled by the 
circuit 50 is at the mercy of the system mode selected by the master control 
circuit 30 in that if the master control circuit 30 selects the cooling mode by 
providing power at the O output, and the thermostat 52 is switched to heating 
by closing the switch 60, no heating is provided to the auxiliary zone controlled 

20 by the control circuit 50, but the damper 68 is maintained closed so that no 
cooling air is applied to this zone. Likewise, if no signal is applied at the O 
output. Indicating a heating mode, and the user activates the thermostat 52 to 
close the cooling switch 58, no cooling air is applied to the zone controlled by 
the control circuit 50, the switch 66 stays in the normally closed position and 

25 the damper 68 is maintained closed so that heating air does not enter this 
zone. Alternately, the zone relay 74 can be controlled by a temperature switch 
(not shown) mounted in the zone supply duct, that provides power to the relay 
74 when the air supply temperature is below a predetermined set point, such 
as 70^ F, indicating the system is in the cooling mode. A Z1 output is 

30 provided on line 78 to give an indication that the zone damper motor 68 is 
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energized and the zone damper 68 is open, depending on which switch 58 or 
60 IS activated and the position of the switch 64. 

Figure 3 shows a zone interface device 80 that interfaces the 
zone control circuits 30 and 50 with the heating and cooling system 10 The 
interface device 80 includes RAM memory, a power supply, and a central 
processing unit (CPU) suitable for the purpose descril>ed herein. In this 
respect, it has similar components to that of the thermostat 32. without the 
temperature setting and sensing components or temperature display. In one 
example, the zone interface device 80 includes a simple microprocessor such 
as the 2ILOG28. All the inputs to the device 80 are isolated and rectified 
using opto-couplers (not shown). A DC power supply circuit generates 
appropriate DC voltage levels for the device 80. 

In this example, the interface device 80 controls interfacing 
between the system 10 and the master zone and five auxiliary zones 
However, other numbers of zones may be applicable within the scope of the 
present invention. The Y1 output signal from the master zone control circuit 
30 and aU of the 21-25 output signals from the individual auxiliary zones are 
applied to the device 80. Likewise, the W and 0 outputs from the master zone 
control dfcuit 30 are applied to the device 80. A 24 volt AC power signal is 
applied on ttie input lin^ R and B. 

The zone Interface device 80 determines how the variable speed 
heating and cooling system 10 needs to be operating to satisfy the demand of 

the zones. »n other words, the zone interface device 80 turns the system 10 
on when needed and controls the system s heating or cooling output by 
controlling its speed. The speed of the indoor blower 20 is controlled in a 
proportion to the engine speed in order to provide air flow into the duct work 
at a suitable rate based on user demand. If the system 10 is to be turned on 
as detennmed by the output Y1S of the device 80. then the system 10 
automalicany goes to some minimum speed, such as 20% of its maximum 
speed. An output Y2 of the device 80 determines the speed that the system 
10 shoiiU be operated at above the minimum operation level. As the demand 
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for more heating or cooling goes up, tlie engine 16 will produce more hot or 
cold refrigerant and the blower 20 will increase its speed. In one embodiment, 
output Y2 is a pulse width modulated (PWM) 30VDC signal that has a one 
second pulse period and a duty cycle that varies from 0% to 100% in discreet 
5 steps. The duty cycle refers to the percentage of time that the system 10 is 
operating. An output WS determines whether auxiliary or emergency heating 
from the auxiliary heater 18 Is necessary to satisfy the demands of the zones. 
All of the output signals Y1S. Y2 and WS are applied to the control unit 46 to 
control the operation of the system 10 as just described. 
"•0 The Y1S output signal is generated when any one of the zones 

has a demand that is supported by the system heating or cooling mode, as 
selected by the master thermostat 32, i.e., any time one of the zones signals 
Y1. Z1, Z2, Z3, Z4, Z5 is on. The Y1S signal has a zero output to turn the 
system 10 off only when none of the zones has a demand. Because the zone 
15 signals Y1 or Z1-Z5 are not synchronized in time, multiple zone signals Y1 or 
Z1-Z5 of a relatively short duration could "add up" in a way that causes the 
system 10 to be on for a longer time, or conversely, could "add up" in a way 
that would cause the system 10 to be on for a much shorter time. This would 
vary the system duty cycle (system capacity) while the collective demand of 
20 the zones remains essentially the same. This effect is compensated for by 
controlling a minimum on and off time for the Y1S signal The minimum on 
time is controlled by the zone interface device 80. If one of the zones signals 
Y1 or Z1-Z5 causes the Y1S output to turn on, it will stay on for a minimum 
time, for example six minutes. The minimum off time is already defined in the 
25 existing control unit 46. If none of the zones has demand and the Y1S turns 
off, the system will stay off regardless of the Y1S signal for a minimum of six 
minutes. The minimum and maximum on/off time of six minutes is used by 
way of a non-limiting example, in that other minimum and maximum on/off 
times may be suitable for other applications. The Y1S signal is also 
30 maintained on any time the Y2 output signal is increased above 0% PWM. 
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The typical cycle rate of a zone thermostat is assumed to be 
approximately 5 cycles per hour. At a nominal 50% zone load. I.e., when the 
zone heating or cooling load requires 50% of the current heating or cooling 
capacity available to the zone, the zone damper will be cycling six minutes 
5 open and six minutes closed (twelve minutes cycle time, five cycles/hour). 
With increased zone load, the on time will be longer, and with decreasing zone 
load, the off time will be longer. The duty cyde of the zone control signal is 
the proportionate time that the zone signal is on. calculated as a percentage 
of the total cycle time, and is an indication of the zone load. When the duty 
10 cycle of any one of the zones increases above a selected value, for example 
70%. and towards 100%. it indicates that the zone demand cannot be satisfied 
by the system 10 running at its current speed and current heating or cooling 
output. Thus, the system speed, and the resulting system heating or cooling 
capacity, has to be gradually increased. Conversely, when all of the zone 
demands are satisfied, the zone duty cycles wHI be decreasing to below the 
selected value and towards 0%. and the system speed can be gradually 
reduced. The selected value of 70% on-time is used by way of a non-llmiting 
example, in that other selected values may be equally applicable in different 
systems. 

The device 80 measures the duty cycles of all the zone signals 
Y1 and Z1-25 and the highest duty cycle is used to control the system speed, 
i.e.. the Y2 output signal. For the Triathlon system, the Y2 output signal will 
have a one second pulse period and a duty cyde (on-time) that varies from 0% 
to 100% in sixteen discreet steps of 62.5 msec. When the highest duty cyde 
25 of the zone signals Y1 and Z1-Z5 increases above the selected value, the Y2 
output signal will be increased at a rate proportional to the duty cyde value. 
Also, any time the Y2 output signal is higher than 0%. the Y1S output signal 
will be kept continuously on. This assures a conect sequence of the system 
control signals. When the highest duty cycle of the zone signals Y1 and Z1-Z5 
30 decreases below the selected value, the Y2 output signal will be decreased at 
a rate proportional to the duty cycle value. 



20 
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The zone interface device 80 implennents an integrating system 
speed control that adjusts systenn capacity to nnaintain the zone with the 
highest load at a selected duty cycle value, i.e., a duty cycle set point. This 
control strategy is given by the following equations: 



' n(ON) 
"l^nCON)"*" "'"n(OFF)> 



100 (1) 



D^^MAX{D,) (2) 

5 where. 

Dp is the duty cycle of a particular nth zone, i.e., the percent of time a 
particular nth zone damper is open; 

T„ is the on or off time of the nth zone; and 

^MAx is the highest duty cycle, i.e., the duty cycle of the highest load 

10 zone. 

Therefore, by equations (1) and (2), the interface device 80 first 
determines the percent of time each zone is on, i.e., its duty cycle, and then 
determines which one of those duty cycles is the highest so as to determine 
which zone as the highest load (Dmax)- 
15 System speed (on-time of the Y2 output signal) in the next 

sampling period is calculated from the current system speed as: 



( D»4AX-DsPi]j^^ (3) 



100 



where, 

t+x is the time instant of the next sampling period; 
t is the time instant of the current sampling period: 
20 k, is an integration rate for Y2 in milliseconds: 
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□sp, is a predetermined highest-load zone duty cycle set point; and 
Dmax is the duty cycle of the highest-load zone. 

Therefore, equation (3) gives the Y2 output for consecutive 
sample periods so that the system 10 knows whether to increase or decrease 
its speed to satisfy the highest load zone. The value of the Y2 output signal 
is limited to be always higher than 0 and lower than a maximum of 1000 msec. 

The above equation parameters can be adjusted to fit a particular 
application so as to achieve a stable system capacity control. For example. 
X can be 60 to 300 seconds and k, would typically be a time value that 
represents one Y2 output step (62.5 msec) or a fraction of one step. The duty 
cycle set point Dsp, can be set between 70% to 90% where the lower values 
will cause the system to cycle less frequently, and to react faster to sudden 
increases in zone load. Higher values will provide a better energy efficiency 
where the system turns off more often and runs at lower speeds. 

As the duty cycle of the highest-load zone D^ax deviates from the 
set point Dsp,. the system speed is adjusted and the changed system capacity 
causes a change in the duty cycle that brings D^^ back to the set point Dsp,. 
An increasing load in the highest-load zone may cause the system speed to 
increase to maximum. When the system 10 Is operating at its maximum speed 
20 in the heating mode. i.e.. Y2=100%. it is an indication that supplemental 
heating from the auxiliary heater 18 is needed to satisfy the heating demand. 
The system auxiliary heating control signal WS will be turned on by the zone 
interface device 80 and cycled at an increasing duty cycle. In one example, 
the pulse period of the WS output signal is fixed at 15 minutes (4 cycles/hour), 
and the duty cycle is adjusted from 0% to 100% (0-15 minutes) in a similar 
way as for the Y2 output signal. Further, any time the WS output signal on- 
time is higher than 0%. the Y2 output signal will be kept continuously at 100%. 

The on-time length of the WS output signal in the next sampling 
period is calculated from the current on-time WS output signal as: 



15 



25 
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(4) 



i 100 



where, 

is the integration rate for WS in minutes: 
DsP2 is a predetermined highest-load zone duty cycle set point; and 



than zero and lower than the maximum of 15 minutes. The constant would 
typically be 0.5 to 2 minutes. The duty cycle set point Dsp2 can be set at 95% 
(for example) and must always be higher than the set point Dspt that is used 
for system speed control. Note that the possibility of a *'windup," inherent in 
10 ' simple integrating control, does not present a problem here because each 
zone is controlled accurately by its own thermostat regardless of system 
capacity. 



This mode would be used only in a case of a system malfunction, tn order to 
1 5 allow the master thermostat 32 to bypass most of the system controls and 
control the auxiliary heater with its WS output signal. Any time the master 
zone W signal turns on, it causes the WS output signal to go on as well. The 
space temperature control in this mode is performed by the master thermostat 
32 per its set point. All other zones are at the same time trying to control zone 
20 temperatures to their respective zone set points in normal fashion and can, if 
the system would be functioning normally, control system on/off and system 
speed and auxiliary heat also, in addition to the direct auxiliary heat control by 
the master thermostat 32. 



25 exemplary embodiments of the present invention. One skilled in the art will 
readily recognize from such discussion, and from the accompanying drawings 
and claims, that various changes, modifications and variations can be made 



5 



□max is the duty cycle of the highest-load zone. 

The value of the WS output signal is limited to always be higher 



Emergency heat mode is selected by the master thermostat 32. 



The foregoing discussion discloses and describes merely 
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therein without departing from the spirit and scope of the invention as defined 
in the following claims. 
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15 
CLAIMS 

What is Ciaimed is : 

1. A heating and/or cooling system comprising: 

air flow means for providing air flow at a variable air flow rate and 

temperature; 

a master zone control circuit, said master zone control circuit 
providing a demand output signal of whether the master zone control circuit 
has a demand for heating or cooling; 

at least one auxiliary zone control circuit, said at least one 
auxiliary zone control circuit providing a demand output signal of whether the 
auxiliary zone control circuit has a demand for heating or cooling; and 

zone interface ineans for controlling the air flow rate of the air 
flow means, said zone interface means being responsive to the demand output 
signals from the master zone control circuit and the at least one auxiliary zone 
control circuit. 

2; The system according to Claim 1 wherein the zone interface 
means determines the air flow rate and temperature based on which of the 
master zone control circuit or the at least one auxiliary zone control circuit has 
the greatest demand for heating or cooling. 

3. The system according to Claim 2 wherein the zone interface 
means determines the zone control circuit with the greatest demand by 
monitoring the proportionate time that each of the demand output signals of 
the zone circuits are on so as to determine which zone circuit has the highest 
duty cycle. 

4. The system according to Claim 3 wherein the zone interface 
means attempts to maintain the zone circuit with the highest duty cycle at a 
predetermined set duty cycle. 
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5. The system according to Claim 1 wherein the zone interface 
means utilizes an integrating system speed control to adjust the air flow rate 
and temperature of the air flow means to maintain the zone control circuit 
having the greatest demand at a selected duty cycle value. 

6. The system according to Claim 1 wherein the at least one 
auxiliary zone is a plurality of auxiliary zone control circuits each providing a 
demand output signal to the zone interface means. 

7. The system according to Claim 1 wherein the master zone control 
circuit includes a heating or cooling mode output signal providing an indication 
of whether the master zone control circuit is in a heating or cooling mode, said 
at least one auxiliary zone control circuit and said zone interface means both 
being responsive to the heating or cooling mode output signal. 

8. The system according to Claim 1 wherein the air flow means is 
a variatjie speed heat pump. 

9. The system according to Claim 1 wherein the system is a 
residential heating and cooling system. 

10. The system according to Claim 1 wherein the zone interface 
means includes an auxiliary heater output signal that actuates an auxiliary 
heater so as to provide auxiliary heating in the event that a main heating 
system cannot provide a zone load. 

11. The system according to Claim 1 wherein the at least one 
auxiliary zone control circuit includes a thermostat having a heating switch and 
a cooling switch. 
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12. The system according to Claim 1 wherein the zone interface 
means includes a system on or off output signal, said air flow means being 
responsive to the on or off output signal so as to provide air flow based on the 
signal, said on or off output signal based on whether the master zone control 
circuit or at least one auxiliary zone control circuit have a demand for heating 
or cooling. 

13. The system according to Claim 12 wherein the on or off output 
signal is maintained on or off for a predetermined minimum time. 
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14. A heating and/or cooling system comprising: 

a variable speed heating and/or cooling device, said heating 
and/or cooling device providing air flow at a variable air flow rate and 
temperature: 

a master zone control circuit Including a master zone thermostat, 
said master zone control circuit providing a demand output signal of whether 
the master zone control circuit has a demand for heating or cooling based on 
the setting of the master thermostat, said master zone control circuit also 
providing a heating or cooling mode output signal indicative of whether the 
master zone control circuit is in a heating or cooling mode; 

a plurality of auxiliary zone control circuits each including an 
auxiliary thermostat, each of the auxiliary zone control circuits providing a 
demand output signal of whether the auxiliary zone control circuit has a 
demand for heating or cooling based on the setting of the auxiliary thermostat, 
each of the auxUiary zone control circuits being responsive to the heating or 
cooling mode output signal from the master zone control circuit; and 

zone interface means for controlling the air flow rate and 
temperature of the heating and/or cooling device, said zone interface means 
being responsive to the demand output signals from the master zone control 
circuit and the plurality of auxiliary zone control circuits and the heating or 
cooling mode output signal from the master zone control circuit, said zone 
interface means utilizing an integrating system speed control to adjust the air 
flow rate and temperature of the heating and/or cooling device to maintain the 
zone control circuit having the highest demand at a selected duty cycle value. 

15. The system according to Claim 14 wherein the zone interface 
means determines the zone control circuit with the greatest demand by 
monitoring the proportionate time that each of the demand output signals of 
the zone circuits are on so as to detennine which zone circuit has the highest 
duty cycle. 
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16. The system according to Claim 14 wherein the air heating and/or 
cooling device is a variable speed heat pump. 

17. The system according to Claim 14 wherein the zone interface 
means includes an auxiliary heater output signal that actuates an auxiliary 
heater so as to provide auxiliary heating in the event that a main heating 
system cannot provide a zone load. 

18. The system according to Claim 14 wherein the zone interface 
means includes a system on or off output signal, said heating and/or cooling 
device being responsive to the on or off output signal so as to provide air flow 
based on the signal, said on or off output signal based on whether the master 
zone control circuit and the plurality of auxiliary zone control circuits have a 
demand for heating or cooling, said on or off output signal being maintained 
on or off for a predetermined minimum and maximum period of time. 



19, A method of providing heating and/or cooling over multiple zones, 
said method comprising the steps of: 

providing an air flow device for providing air flow at a variable air 
flow rate and temperature; 

controlling a master zone including determining whether the 
master zone has a demand for heating or cooling; 

controlling at least one auxiliary zone including determ^^g 
whether the at least one auxiliarv zono ^-..auu ror heating or cooling; 

in- - . air flow device with the master zone and the at 

d«m T, '° °' greatest 

demand for heating or cooling; and 

bas«d .T""^"^ ™" '^^'^ Of the eir device 

besed on wh,eh zone has the highest demand for heating o, cooling. 
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20. Themethodaecondingtoaaimigwhereinthestepofinterfacina 
«« a. device w«H tt,e zones Includes u«,.,„, an «ng s^l 

^con.™,sc.e„»U,„K.n«o..Hep„pon^„a.e«n.«,a.eaLMhezC 
has a demand for heating or cooling. 
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